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(54) Device and method for anastomosis of blood vessels 

(57) An anastomosis member has a generally cylin- 
drical body comprising a plate member to be brought 
into contact with first and second blood vessels. The 
plate member is arranged in contact with the first and 
the second blood vessels at an anastomosed site where 
the first and the second blood vessels are anastomosed 
to each other. The plate member is provided with a plu- 
rality of protrusions formed on at least one of opposite 
surfaces thereof. The protrusions are engaged with at 
least one of the first and the second blood vessels to 
avoid the dislocation of the first and the second blood 
vessels at the anastomosed site. 
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Description 

Background of the Invention: 

[0001] This invention relates to an anastomosis 5 
member for anastomosing blood vessels and an anas- 
tomosis method using the anastomosis member. 
[0002] An anastomosis member serves to perform 
the anastomosis of two normally distinct hollow organs, 
such as blood vessels, to form a passage therethrough. 10 
[0003] In a conventional surgical operation, the 
anastomosis of the blood vessels is generally carried 
out by suturing with a needle and a suture filament. 
When the blood vessels are anastomosed or joined to 
each other, a blood flow must temporarily be inter- 15 
rupted. If an increased number of sites are required to 
be anastomosed, the time of interrupting the blood flow 
is unfavorably extended. 

[0004] In the surgical operation of a living body, it is 
required to use auxiliary means such as extracorporeal 20 
circulation or controlled hypothermia if it is presumed 
that the time of interrupting the blood flow exceeds an 
allowable time for the living body. It is difficult to suture 
the blood vessels under arteriosclerosis with the needle 
and the suture filament if those vessels have calcifica- 25 
tion. In case where the blood vessels are fragile, they 
must be reinforced to avoid the risk. 
[0005] The technique of using a stent in the anasto- 
mosis of the blood vessels with heavy calcification is 
reported. In this technique, an artificial blood vessel is 30 
inserted into a host blood vessel to partially overlap 
each other. The stent is retained in the blood vessels at 
the overlapping portion to press-fit the blood vessels to 
each other. Thus, the anastomosis is carried out. For 
example, a type of the stent is disclosed in U.S. Patent 35 
No. 6,017,362. 

[0006] In the technique of anastomosing the blood 
vessels by the use of the stent, the blood vessels are 
simply press-fitted by the elasticity of the stent and may 
be undesirably released from each other by, for exam- 40 
pie, the beat of the artery. Thus, the anastomosis by the 
use of the existing stent is insufficient in fixing or engag- 
ing force and in reliability. 

Summary of the Invention: 45 

[0007] It is therefore a technical object of this inven- 
tion to provide an anastomosis member capable of 
safely and quickly carrying out the anastomosis of blood 
vessels and to provide an anastomosis method using so 
the anastomosis member. 

[0008] It is another object of this invention to pro- 
vide an anastomosis member improved in reliability by 
the use of a technique of applying an engaging force 
only to an adventitia of a blood vessel which is stronger 55 
than an intima of the blood vessel and to provide an 
anastomosis method using the anastomosis member. 
[0009] It is still another object of this invention to 



provide an anastomosis member capable of carrying 
out the anastomosis of blood vessels substantially 
equal in outer diameter and in inner diameter and to 
provide an anastomosis method using the anastomosis 
member. 

[0010] According to this invention, there is provided 
an anastomosis member to be arranged at an anasto- 
mosed site of first and second blood vessels to carry out 
the anastomosis of the first and the second blood ves- 
sels, the anastomosis member having a generally cylin- 
drical body comprising at least one plate member to be 
brought into contact with both of the first and the second 
blood vessels, the plate member having a plurality of 
protrusions formed on at least one of opposite surfaces 
thereof to be engaged with at least one of the first and 
the second blood vessels so as to prevent the disloca- 
tion of the first and the second blood vessels at the 
anastomosed site. 

[0011] Preferably, the anastomosis member has a 
plurality of the generally cylindrical bodies and at least 
one connecting member connecting the generally cylin- 
drical bodies to one another. 

[0012] Preferably, the anastomosis member has an 
elasticity so as to be compressed and expanded in 
diameter. 

[0013] Preferably, the anastomosis member has a 
stress-strain characteristic including a plurality of differ- 
ent kinds of regions at least corresponding to a low- 
rigidity part deformable along the curvatures of the first 
and the second blood vessels to be tightly fitted thereto, 
and a spring region which is compressible and self- 
expandable in diameter. 

[0014] Preferably, the generally cylindrical body 
comprises a plurality of the plate members connected to 
one another in a zigzag pattern. 

[0015] Preferably, the generally cylindrical body 
comprises at least one plate member wound into a heli- 
cal shape 

[0016] Preferably, the generally cylindrical body 
comprises a plurality of the plate members connected to 
one another in a lattice pattern. 

[0017] Preferably, the generally cylindrical body 
comprises a plurality of the plate members connected to 
one another in a rhombic pattern. 
[0018] Preferably, the generally cylindrical body 
comprises a plurality of the plate members arranged in 
parallel to one another and a plurality of connecting 
members connecting the plate members to one another. 
[0019] Preferably, each of the connecting members 
is an elastic wire member. 

[0020] Preferably, the plate member is made of a 
stainless steel plate or a shape memory alloy selected 
from a TiNi alloy and a beta Ti alloy. 
[0021] According to this invention, there is also pro- 
vided an anastomosis device for use in the anastomosis 
of first and second blood vessels, the anastomosis 
device comprising a combination of an anastomosis 
member arranged on art outer surface of at least one of 
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the first and the second blood vessels and a stent to be 
arranged in a lumen of the at least one of the first and 
the second blood vessels, the anastomosis member 
having a generally cylindrical body comprising at least 
one plate member to be brought into contact with both 5 
of the first and the second blood vessels, the plate 
member having a plurality of protrusions formed on at 
least one of opposite surfaces thereof to be engaged 
with at least one of the first and the second blood ves- 
sels. 10 
[0022] Preferably, the stent is made of a stainless 
steel plate or a shape memory alloy selected from a TiNi 
alloy and a beta Ti alloy. 

[0023] Preferably, the anastomosis device further 
comprises an additional blood vessel. 15 
[0024] According to this invention, there is also pro- 
vided an anastomosis method for the anastomosis of 
first and second blood vessels by the use of an anasto- 
mosis member to be arranged at an anastomosed site 
of the first and the second blood vessels, the anastomo- 20 
sis member having a generally cylindrical body compris- 
ing a plate member with a plurality of protrusions formed 
on at least one of opposite surfaces thereof, the method 
comprising the steps of inserting the anastomosis mem- 
ber into lumens of the first and the second blood ves- 25 
sels; bringing the plate member into contact with at 
least one of the first and the second blood vessels; and 
engaging the first and the second blood vessels with the 
protrusions so as to prevent the dislocation of the first 
and the second blood vessels at the anastomosed site. 30 
[0025] Preferably, the anastomosis method further 
comprises the steps of inserting an end portion of one 
of the first and the second blood vessels into the lumen 
of the other blood vessel so that the end portions of the 
first and the second blood vessels overlap each other 35 
with the protrusions engaged with at least one of the 
first and the second blood vessels. 
[0026] According to this invention, there is provided 
an anastomosis method for the anastomosis of first and 
second blood vessels by the use of an anastomosis 40 
device to be arranged at an anastomosed site of the first 
and the second blood vessels, the anastomosis device 
comprising a combination of an anastomosis member 
and a stent, the anastomosis member comprising a 
plate member with a plurality of protrusions formed on 45 
at least one of opposite surfaces thereof, the method 
comprising the steps of inserting the stent into an end 
portion of a lumen of one of the first and the second 
blood vessels; inserting the end portion of the one of the 
first and the second blood vessels into an end portion of so 
a lumen of the other of the first and the second blood 
vessels; inserting the anastomosis member so that the 
anastomosis member is interposed between the first 
and the second blood vessels at an anastomosed site 
where the first and the second blood vessels overlap 55 
each other; bringing the protrusions into contact with 
the first and the second blood vessels; press-fitting by 
the stent the first and the second blood vessels at the 
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anastomosed site; engaging the first and the second 
blood vessels with the protrusions so as to prevent the 
dislocation of the first and the second blood vessels at 
the anastomosed site. 

[0027] Preferably, each of the plate members is 
sutured by a fastening member to one of the first and 
the second blood vessels in at least one position in the 
anastomosed site, the protrusions being formed only on 
one surface of the plate member which faces the other 
of the first and the second blood vessels at the anasto- 
mosed site. 

[0028] According to this invention, there is also pro- 
vided an anastomosis method for the anastomosis of 
first and second blood vessels by the use of an anasto- 
mosis device to be arranged at an anastomosed site of 
the first and the second blood vessels, the anastomosis 
device comprising a combination of an anastomosis 
member and a stent, the anastomosis member com- 
prising a plate member with a plurality of protrusions 
formed on at least one of opposite surfaces thereof, the 
method comprising the steps of inserting the stent to 
extend over lumens of the first and the second blood 
vessels; abutting the first and the second blood vessels 
to each other; arranging the anastomosis member 
around outer surfaces of the first and the second blood 
vessels; bringing the protrusions into contact with an 
adventitia of each of the first and the second blood ves- 
sels; and engaging the first and the second blood ves- 
sels with the protrusions so as to prevent the dislocation 
of the first and the second blood vessels at the anasto- 
mosed site. 

[0029] Preferably, the anastomosis method further 
comprises the steps of placing an additional blood ves- 
sel on the outside of the anastomosis member arranged 
around the outer surfaces of the first and the second 
blood vessels; and engaging the anastomosis member 
and the additional blood vessel with the protrusions. 
[0030] Preferably, the additional blood vessel is fas- 
tened by a fastening member in at least one position. 
[0031] Preferably, the fastening member is a fila- 
ment or a strap. 

Brief Description of the Drawing: 
[0032] 

Fig. 1 is a perspective view of an astomosis mem- 
ber according to a first embodiment of this inven- 
tion; 

Fig. 2 is a perspective view of an astomosis mem- 
ber according to a second embodiment of this 
invention; 

Fig. 3 is a perspective view of an anastomosis 
member according to a third embodiment of this 
invention; 

Fig. 4 is a perspective view of an anastomosis 
member according to a fourth embodiment of this 
invention; 
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Fig. 5 is a perspective view of an anastomosis 
member according to a fifth embodiment of this 
invention; 

Fig. 6 is a perspective view of an anastomosis 
member according to a sixth embodiment of this 5 
invention; 

Fig. 7 is a perspective view of an anastomosis 
member according to a seventh embodiment of this 
invention; 

Fig. 8 is a perspective view of an anastamosis 10 
member according to an eighth embodiment of this 
invention; 

Fig. 9 is a development view showing the eighth 
anastomosis member of in Fig. 8; 
Fig. 10 is a transversal sectional view illustrating a 15 
first anastomosis example of blood vessels using 
the first anastomosis member of Fig. 1 ; 
Fig. 1 1 is a transversal sectional view illustrating a 
second anastomosis example of blood vessels 
using the fifth anastomosis member of Fig. 5; 20 
Fig. 12 is a transversal sectional view illustrating a 
third anastomosis example using a two-piece anas- 
tomosis device; 

Fig. 13 is a transversal sectional view illustrating a 
fourth anastomosis example using a three-piece 25 
anastomosis device; 

Fig. 14 is a deployed plan view of an anastomosis 
member according to a ninth embodiment of this 
invention; 

Fig. 15 is a transversal sectional view illustrating a 30 
fifth anastomosis example using a composite anas- 
tomosis device; and 

Fig. 16 is a cross-sectional view taken along in a 
lineXVI-XVI in Fig. 15. 

35 

Description of the Preferred Embodiments: 

[0033] Now, description will be made about several 
preferred embodiments of This invention with reference 
to the drawing. 40 
[0034] At first referring to Fig. 1, an anastomosis 
member 11 according to a first embodiment of this 
invention has a generally cylindrical body comprising a 
plurality of plate members or sections 11a connected to 
one another in a zigzag pattern extending along a cylin- 45 
drical surface of an imaginary tube. Each of the plate 
members 11a has opposite surfaces having a plurality 
of protrusions 1 1b formed thereon. 
[0035] The anastomosis member 1 1 is prepared in 
the following manner. At first, the plate members 11a so 
are formed. For example, each of the plate members 
11a comprises a strip-like metal plate having a thick- 
ness of 0.2mm and a width of 2.0mm. Each of the pro- 
trusions 1 1 b has a height of 70 jam and a diameter of 30 
ujti. The protrusions 11b are arranged at a pitch of 55 
0.3mm on the opposite surfaces of each plate member 
11a. Thereafter, the plate members 11a are connected 
at their ends to one another by welding to extend in a 



zigzag pattern and to form the generally cylindrical body 
as the anastomosis member 11. 
[0036] Alternatively, the anastomosis member 11 
may be prepared from a sheet-like plate material. At 
first, the protrusions 11b are formed on the plate mate- 
rial. By the use of a laser or wire electric discharge, the 
plate material is cut into a zigzag pattern and then rolled 
into a cylindrical shape. Finally, rolled ends are welded 
to each other. 

[0037] For example, the anastomosis member 11 
thus prepared forms an imaginary tube having a cylin- 
drical diameter of 8mm and an axial length of 10mm. 
The anastomosis member 1 1 is elastically variable in 
shape and in diameter. 

[0038] The anastomosis member 11 can be pro- 
duced in a different manner. Specifically, the plate mem- 
ber 1 1a is made of a stainless steel material (SUS316) 
subjected to annealing and having a low rigidity. For 
example, the anastomosis member 1 1 has a cylindrical 
diameter of 6.5mm and an axial length of 10mm. 
[0039] Alternatively, the anastomosis member 11 
may be produced by bending a single long strip-like 
stainless steel plate in a zigzag pattern having a plural- 
ity of short strip-like plate sectionsl 1a and then round- 
ing the zigzag pattern of the stainless steel plate into a 
cylindrical shape. 

[0040] In the first embodiment, the anastomosis 
member 1 1 has a zigzag pattern. However, the anasto- 
mosis member 11 may have various other patterns 
which will be described below. 

[0041] Referring to Fig. 2, an anastomosis member 

12 according to a second embodiment of this invention 
has a generally cylindrical body comprising a helical coil 
formed by bending or winding a single long strip-like 
plate member 12a. Like in the first embodiment, the 
plate member 12a is provided with a plurality of protru- 
sions 12b formed on opposite surfaces thereof. Instead 
of the single plate member 12a as the helical coil having 
a predetermined length, the anastomosis member 12 
may comprise a plurality of helical coil elements which 
are connected in series to one another. 

[0042] Referring to Fig. 3, an anastomosis member 

13 according to a third embodiment of this invention has 
a generally cylindrical body comprising a plurality of 
strip-like plate members 13a connected to one another 
in a rhombic or a lattice pattern. Like in the foregoing 
embodiments, the plate member 1 3a is provided with a 
plurality of protrusions 1 3b formed on opposite surfaces 
thereof. 

[0043] Referring to Fig. 4, an anastomosis member 

14 according to a fourth embodiment of this invention 
has a generally cylindrical body comprising a plurality of 
strip-like plate members 14a equal in length and 
arranged in parallel to one another with an angular 
space kept from one another. These plate members 14a 
are connected by a plurality of wire connecting mem- 
bers 14c to form the generally cylindrical body as the 
anastomosis member 14. Like in the foregoing embodi- 
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ments, the plate member 14a is provided with a plurality 
of protrusions 14b formed on its opposite surfaces. 
[0044] For example, each of the plate members 1 4a 
comprises a stainless steel plate subjected to annealing 
and having a low rigidity. For example, each of the plate 
members 14a has an axial length of 10mm, a thickness 
of 0.2mm, and a width of 1.2mm. The anastomosis 
member 14 has a diameter of 8mm. Each of the con- 
necting members 14c comprises a stainless steel wire 
(SUS304WP) having a length of 2mm and a diameter of 
0.2mm. In this embodiment, the connecting members 
14c comprise spring wires which are equal in length to 
each other and each of which is bent to form an angled 
portion having an acute angle. 

[0045] Specifically, the anastomosis member 14 
has a low-rigidity part (plate members 14a) deformable 
along the curvatures of first and second blood vessels 
(Fig. 10, 33 and 34) to be tightly fitted thereto, and a 
self-expandable spring part (connecting members 14c). 
Thus, the anastomosis member 14 has a stress-strain 
characteristic including at least two different kinds of 
regions. 

[0046] The protrusions 14b are formed on the 
opposite surfaces of each plate member 14a. The plate 
members 14a and the connecting members 14c are 
welded to each other to form the generally cylindrical 
body as the anastomosis member 14. The anastomosis 
member 14 can be expanded and compressed by 
changing the angles of the angled portions of the con- 
necting members 14c. 

[0047] As described above, the plate members 14a 
and the connecting members 14c are different from 
each other in stress-strain characteristic. The plate 
members 14a are soft and low in rigidity. Therefore, the 
anastomosis member 14 is readily deformable in con- 
formity with the curvatures of the first and the second 
blood vessels without local pressure concentration in 
the first and the second blood vessels. Thus, the anas- 
tomosis member 14 can uniformly apply the pressure 
upon the first and the second blood vessels. Because of 
presence of the protrusions 14b, the anastomosis mem- 
ber 14 can be engaged with the first and the second 
blood vessels with a large frictional force. 
[0048] It is noted here that the shape of the anasto- 
mosis member 14 is not restricted to that illustrated in 
Fig. 4. The connecting member 14c can be formed into 
a rhombic shape or any other appropriate shape as far 
as the connecting members 14c can hold the plate 
member 14a and are self-expandable. The plate mem- 
ber 14a is not restricted to the shape described in this 
embodiment but may have any other appropriate shape 
matching the configurations of the first and the second 
blood vessels. 

[0049] Referring to Fig. 5, an anastomosis member 
15 according to a fifth embodiment of this invention 
comprises a pair of generally cylindrical bodies con- 
nected by a connecting portion 1 5c. Each of the gener- 
ally cylindrical bodies is similar in structure to the 



generally cylindrical body of the anastomosis member 
11 in Fig. 1. The connecting portion 15c is made of a 
material same as that of plate members 11a. 
[0050] Referring to Fig. 6, an anastomosis member 

5 16 according to a sixth embodiment of this invention 
comprises a pair of generally cylindrical bodies con- 
nected by a connecting portion 16c. Each of the gener- 
ally cylindrical bodies is similar in structure to the 
generally cylindrical body of the anastomosis member 

10 12 in Fig. 2. The connecting portion 16c is made of a 
material same as that of plate members 12a. 
[0051] Referring to Fig. 7, an anastomosis member 
17 according to a seventh embodiment of this invention 
comprises a pair of generally cylindrical bodies con- 

15 nected by a connecting portion 17c. Each of the gener- 
ally cylindrical bodies is similar in structure to the 
generally cylindrical body of the anastomosis member 

13 in Fig. 3. The connecting portion 17c is made of a 
material same as that of plate members 1 3a. 

20 [0052] Referring to Figs. 8 and 9, an anastomosis 
member 18 according to an eighth embodiment of this 
invention comprises a pair of generally cylindrical bod- 
ies connected by a connecting portion 18c. Each of the 
generally cylindrical bodies is similar in structure to the 

25 generally cylindrical body of the anastomosis member 

14 in Fig. 4. The connecting portion 18c is made of a 
material same as that of plate members 14a. The con- 
necting portion 18c is smaller in width man each plate 
member 14a. 

30 [0053] In the foregoing embodiments, the plate 
members 11a, 12a, 13a, and 14a are provided with the 
protrusions 11b, 12b, 13b, and 14b formed on both of 
the opposite surfaces thereof, respectively. Alterna- 
tively, the protrusions may be formed on only one of the 

35 opposite surfaces thereof. Each of the anastomosis 
members 1 1 through 1 8 is not restricted to the pattern 
described in each of the foregoing embodiments but 
may have any appropriate pattern as far as the diameter 
can flexibly be changed. 

40 [0054] As a material of each of the plate members 
11a, 12a, 13a, and 14a in the foregoing embodiments, 
use may be made of a stainless steel plate, a TiNi alloy 
and a TiNi-X alloy (X = Cr, V, Cu, Fe, Co, etc) having 
superelasticity at a living body temperature. Further- 

45 more, use may also be made of a wide variety of shape 
memory alloys, such as a Cu-based alloy and a Fe- 
based alloy, as well as a beta Ti alloy. Taking the bio- 
compatibility and the toxicity into consideration, the 
opposite surfaces of the plate members 11a, 12a, 13a, 

so and 14a may be coated with titanium or the like. 

[0055] Now, description will be made of several 
specific examples of the anastomosis of the first and the 
second blood vessels. 

[0056] Referring to Fig. 10, a first example of the 
55 anastomosis will be described. Herein, the anastomosis 
is carried out by the use of the anastomosis member 1 1 
illustrated in Fig. 1 . In the following description, the sim- 
ilar parts are designated by like reference numerals. It 
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will be noted here that the size of the anastomosis 
member 1 1 in this example is slightly different from that 
mentioned in conjunction with Fig. 1. 
[0057] As illustrated in Fig. 10, the anastomosis 
member 1 1 is arranged over a host blood vessel 33 as 
the first blood vessel and an artificial blood vessel 34 as 
the second blood vessel. An end portion of the artificial 
blood vessel 34 is inserted into an end portion of the 
host blood vessel 33. The host and the artificial blood 
vessels 33 and 34 overlap each other to form an anas- 
tomosed site. The anastomosis member 1 1 is arranged 
in contact with intimae of the host and the artificial blood 
vessels 33 and 34. 

[0058] Since the anastomosis member 11 com- 
prises the plate members 11a connected in a zigzag 
pattern, the anastomosis member 11 can be brought 
into contact with the host and the artificial blood vessels 
33 and 34 to expand the host and the artificial blood 
vessels 33 and 34 independently of each other. 
Because the protrusions 1 1 b provide a large frictional 
force, the anastomosis member 11 can be securely 
engaged with the intimae of the host and the artificial 
blood vessels 33 and 34. Therefore, even under the 
beat of the artery, the dislocation of the host and the 
artificial blood vessels 33 and 34 with respect to each 
other can be avoided by the use of the anastomosis 
member 11. 

[0059] By a hand of a surgeon, the anastomosis 
member 1 1 is inserted into lumens of the host and the 
artificial blood vessels 33 and 34. For example, if the 
artificial blood vessel 34 has a diameter of 6mm, the 
anastomosis member 11 is compressed to a reduced 
diameter of 6mm or less and men inserted into the 
lumen of the artificial blood vessel 34. Furthermore, the 
anastomosis member 1 1 is inserted also into the lumen 
of the host blood vessel 33. The host and the artificial 
blood vessels 33 and 34 are made to approach each 
other to form an overlapping portion. At this time, the 
anastomosis member 1 1 is self-expanded from a com- 
pressed state. Therefore, the anastomosis can be 
quickly and easily carried out. 

[0060] From the foregoing description, it will readily 
be understood that the anastomosis members 12, 13, 
and 14 illustrated in Figs. 2 through 4 may also be used 
instead of the anastomosis member 11. In this case 
also, the end portions of the host and the artificial blood 
vessels 33 and 34 can be expanded independently of 
each other so that the anastomosis is reliably carried 
out. 

[0061] Referring to Fig. 11, a second example of 
the anastomosis will be described. Herein, the anasto- 
mosis is carded out by the use of the anastomosis 
member 15 illustrated in Fig. 5. In the following descrip- 
tion, similar parts are designated by like reference 
numerals. It will be noted here that the size of the anas- 
tomosis member 15 in this example is slightly different 
from that mentioned in conjunction with Fig. 5. 
[0062] As illustrated in Fig. 11, the anastomosis 



member 1 5 is attached to the host blood vessel 33 and 
the artificial blood vessel 34. The anastomosis member 
15 is arranged over the lumens of the host and the arti- 
ficial blood vessels 33 and 34 to be anastomosed. The 

5 end portion of the artificial blood vessel 34 is inserted 
into the end portion of the host blood vessel 33. 
[0063] When the anastomosis member 15 is 
arranged in the host and the artificial blood vessels 33 
and 34, the anastomosis member 15 can expand the 

10 end portions of the host and the artificial blood vessels 
33 and 34 independently of each other. Thus, the anas- 
tomosis is reliably carried out. 

[0064] From the foregoing description, it will readily 
be understood that the anastomosis members 16, 17, 

15 and 18 illustrated in Figs. 6 through 8 may also be used 
instead of the anastomosis member 15. In this case 
also, the end portions of the host and the artificial blood 
vessels 33 and 34 can be engaged by the anastomosis 
member 15 to be expandable independently of each 

20 other. Thus, the anastomosis is reliably carried out. 
[0065] Referring to Fig. 12, a third example of the 
anastomosis will be described. Herein, the anastomosis 
is carded out by the use of a two-piece anastomosis 
device comprising a combination of the anastomosis 

25 member 1 1 in Fig. 1 and a woven tubular stent 36. In the 
following description, similar parts are designated by 
like reference numerals. It will be noted here that the 
size of the anastomosis member 11 in this example is 
slightly different from that mentioned in conjunction with 

30 Fig. 1 . 

[0066] As illustrated in Fig. 12, the anastomosis 
member 11 is arranged in an anastomosed site 
between the host blood vessel 33 and the artificial blood 
vessel 34. The end portion of the artificial blood vessel 

35 34 is inserted into the end portion of the host blood ves- 
sel 33. At the anastomosed site, the end portions of the 
host and the artificial blood vessels 33 arid 34 overlap 
each other with the anastomosis member 1 1 interposed 
therebetween. In the lumen of the artificial blood vessel 

40 34 at the anastomosed site, the stent 36 is arranged. 
[0067] For example, the stent 36 comprises a 
shape memory alloy such as a TiNi alloy having a cylin- 
drical shape and a lattice pattern. For example, the 
stent 36 is designed to have a cylindrical shape with a 

45 final expanding diameter of 7mm. The stent 36 has an 
axial length of 10mm. The stent 36 has superelasticity 
at and around the body temperature of the living body. 
[0068] As illustrated in Fig. 1 2, the stent 36 expands 
the artificial blood vessel 34 outwards in a radial direc- 

50 tion. The stent 36 is inserted into the lumen of the artifi- 
cial blood vessel 34 having an outer diameter of 6mm 
and an inner diameter of 5mm. Then, the artificial blood 
vessel 34 is inserted into the host blood vessel 33 with 
the anastomosis member 11 interposed between the 

55 host and the artificial blood vessels 33 and 34. 

[0069] The host and the artificial blood vessels 33 
and 34 and the anastomosis member 1 1 are press-fitted 
by the stent 36. At this time, the protrusions 11b are 
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engaged with the intima of the host blood vessel 33 and 
the adventitia of the artificial blood vessel 34. Thus, the 
host and the artificial blood vessels 33 and 34 are pre- 
vented from being dislocated even under the beat of the 
artery. Thus, the anastomosis is reliably carried out. 
[0070] The stainless steel plate of the anastomosis 
member 1 1 is not restricted to SUS316 but may be any 
other appropriate product having a low rigidity and a 
flexibility. The material and the shape of the stent 36 are 
not restricted to those given in this embodiment but may 
be appropriately selected taking into account the sizes 
of the host blood vessel 33 and the artificial blood vessel 
34 as well as an expanding force of the stent 36. 
[0071] Referring to Fig. 13, a fourth example of the 
anastomosis will be described. Herein, the anastomosis 
is carried out by the use of a three-piece anastomosis 
device comprising a combination of the anastomosis 
member 11 in Fig. 1, a woven tubular stent 46, and an 
additional blood vessel 55. In this example also, the 
anastomosis member 1 1 serves as a securing member 
for securing the two blood vessels in the anastomosed 
state. In the following description, similar parts are des- 
ignated by like reference numerals. It will be noted here 
that the size of the anastomosis member 11 in this 
example is slightly different from that mentioned in con- 
junction with Fig. 1 . 

[0072] The anastomosis member 1 1 is attached to 
the host and the artificial blood vessels 33 and 34. An 
end face of the artificial blood vessel 34 is abutted to an 
end face of the host blood vessel 33. The anastomosis 
member 1 1 is arranged on outer surfaces of the host 
and the artificial blood vessels 33 and 34 to extend over 
both of the host and the artificial blood vessels 33 and 
34. The stent 46 is arranged in the lumens of the host 
and the artificial blood vessels 33 and 34 at an area cor- 
responding to the anastomosis member 1 1 . 
[0073] Furthermore, the additional blood vessel 55 
is arranged around the host and the artificial blood ves- 
sels 33 and 34 to cover the anastomosis member 1 1 . 
The anastomosis member 1 1 and the additional blood 
vessel 55 are engaged with each other by the protru- 
sions 11b. The opposite ends of the additional blood 
vessel 55 are fastened to the host and the artificial 
blood vessels 33 and 34 by a filament 57 or a strap as a 
fastening member. The protrusions 1 1 b may be formed 
only on one surface of the anastomosis member 1 1 to 
be engaged with the host and the artificial blood vessels 
33 and 34. 

[0074] More specifically, the anastomosis member 
11 comprises a strip-like plate member 11a made of a 
stainless steel plate (SUS316) subjected to annealing 
and having a low rigidity. The plate member 11a has a 
thickness of 0.25mm. Each protrusion 1 1 b has a height 
between 65 and 75 |im and a diameter of 30 urn. The 
protrusions 1 1b are formed at a pitch of 0.2mm. 
[0075] In this example of the anastomosis, the 
anastomosis member 1 1 has an inner diameter of 8mm, 
an axial length of 10mm, and a width of 0.4mm. The 



anastomosis member 11 is flexibly variable in shape 
and in cylindrical diameter. 

[0076] The stent 46 is made of a material similar to 
that of the stent 36 illustrated in Fig. 12 and has a lattice 

5 pattern. For example, the stent 46 is designed to have a 
cylindrical shape with a final expanding diameter of 
7mm and an axial length of 20mm. 
[0077] In the anastomosis, one axial half of the 
stent 46 is inserted into the lumen of the artificial blood 

w vessel 34, for example, having an outer diameter of 
8mm and an inner diameter of 6mm. Then, the host and 
the artificial blood vessels 33 and 34 are abutted to 
each other. Simultaneously, the other axial half of the 
stent 46 is inserted into the lumen of the host blood ves- 

15 sel 33. The anastomosis member 11 preliminarily 
ranged on the outside of the artificial blood vessel 34 is 
positioned to extend over the outer surfaces of both of 
the host and the artificial blood vessels 33 and 34. Like- 
wise, the additional blood vessel 55 arranged on the 

20 outside of the artificial blood vessel 34 is positioned 
around the anastomosis member 11. The additional 
blood vessel 55 has an inner diameter of 8. 1 mm. 
[0078] The opposite ends of the additional blood 
vessel 55 are fastened by the filament 57 as the fasten- 

25 ing member to the outer surfaces of the host and the 
artificial blood vessels 33 and 34. The host and the arti- 
ficial blood vessels 33 and 34 and the anastomosis 
member 11 are press-fitted by an internal pressure 
applied by the stent 46 and an external pressure applied 

30 by the additional blood vessel 55 fastened by the fila- 
ment 57. At this time, the protrusions 11b are engaged 
with the host and the artificial blood vessels 33 and 34. 
Thus, the host and the artificial blood vessels 33 and 34 
are prevented by the anastomosis member 11 from 

35 being dislocated with respect to each other even under 
the beat of the artery. Therefore, the anastomosis is reli- 
ably carried out. Since the additional blood vessel 55 
and the filament 57 are fastened to each other, blood 
leakage from the anastomosed site to the outside is pre- 

40 vented. 

[0079] The anastomosis in the above-mentioned 
example can be manually and quickly carried out by a 
surgeon so that the time of interrupting the blood flow 
can be shortened. 

45 [0080] In this example of the anastomosis, the 
engaging force of the protrusions 11b acts only on the 
adventitia of each blood vessel which is relatively strong 
as compared with the intima. Thus, the load upon the 
host and the artificial blood vessels 33 and 34 is small 

so as compared with the case where the inner surfaces are 
used in engagement. Furthermore, the host and the 
artificial blood vessels 33 and 34 need not overlap each 
other so that the anastomosis is possible even if the 
host and the artificial blood vessels 33 and 34 are sub- 

55 stantially equal in diameter to each other. The anasto- 
mosis member 1 1 can relatively flexibly cope with the 
difference in size between the host and the artificial 
blood vessels 33 and 34. 
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[0081] The anastomosis member 11 is not 
restricted to the pattern described above but may have 
any pattern as far as the cylindrical diameter is flexibly 
variable. The material of the anastomosis member 1 1 is 
not restricted to the stainless steel plate but may be any 5 
appropriate material having a low rigidity and a flexibil- 
ity. 

[0082] The stent 46 is not restricted to the shape 
described above but may have any shape as far as an 
appropriate expanding force is provided so as to 
engage the host and the artificial blood vessels 33 and 
34 and the anastomosis member 1 1 with one another. 
For example, use may be made of various kinds of 
stents typically used for expanding constricted portions 
of blood vessels. 

[0083] Referring to Fig. 14, an anastomosis mem- 
ber 1 1 1 according to a ninth embodiment of this inven- 
tion comprises a plurality of plate members 111a 
although only one is illustrated in the figure. Each plate 
member 1 1 1a is provided with a plurality of protrusions 
111b formed on only one of its opposite surfaces. The 
plate member 111a is substantially similar to the plate 
member 11a illustrated in Fig. 1 except that a plurality of 
through holes 1 1 1f are formed along its center line par- 
allel to a longitudinal direction thereof. The through 
holes 1 1 1f allow a suture filament (not shown) to pass 
therethrough. The plate members 111a are sutured to 
the artificial blood vessel 34 by the suture filament pass- 
ing through the through holes 1 1 1f. 
[0084] Referring to Figs, 15 and 16, a fifth example 
of the anastomosis will be described. Herein, the anas- 
tomosis is carried out by the use of a composite anasto- 
mosis device comprising a combination of the 
anastomosis member 1 1 1 in Fig. 14 and a woven tubu- 
lar stent 136. The stent 136 is substantially similar to the 
stent 36 illustrated in Fig. 12. 

[0085] The plate members 111a are sutured to the 
artificial blood vessel 34 with their surfaces having the 
protrusions 111b faced outward. In the example being 
illustrated in Fig. 16, eight plate members 111a are 
arranged on the outer surface of the artificial blood ves- 
sel 34 to form an octagonal shape around the center 
axis of the artificial blood vessel 34. 
[0086] As illustrated in Fig. 15, the stent 136 is 
inserted into the lumen of the artificial blood vessel 34. 
The end portion of the artificial blood vessel 34 is 
inserted into the end portion of the host blood vessel 33. 
At this time, the plate members 111a are arranged 
between the blood vessels 33 and 34 overlapping each 
other. The protrusions 111b formed on the one surface 
of the plate members 111a sutured to the artificial blood 
vessel 34 are faced to the inner surface of the host 
blood vessel 33. The host blood vessel 33 and the plate 
members 111a are press-fitted by a pressing force of 
the stent 1 36 and the host blood vessel 33 is engaged 
by the protrusions 111b. Thus, the host and the artificial 
blood vessels 33 and 34 are prevented from being dis- 
located with respect to each other. Thus, the anastomo- 



sis is reliably carried out 

[0087] The shape and the number of the plate 
members 111a are not restricted to those given in this 
embodiment but may be appropriately selected so that 
the host and the artificial blood vessels 33 and 34 are 
reliably engaged by the protrusions 111b. 
[0088] In the foregoing, description is directed to 
the anastomosis of the host blood vessel 33 and the 
artificial blood vessel 34 inserted into the host blood 
vessel 33. However, this invention is also applicable to 
the case where the host blood vessel 33 is inserted into 
the artificial blood vessel 34 in dependence upon the 
condition of the host blood vessel 33. It will readily be 
understood that this invention is also applicable to the 
case where the first and the second blood vessels are 
both living blood vessels. 

[0089] As described above, according to this inven- 
tion, the anastomosis member having protrusions are 
arranged at the anastomosed site of the first and the 
second blood vessels so that the engaging force for 
engaging the first and the second blood vessels can be 
increased. The anastomosis member can achieve the 
safe anastomosis not only in a normal blood vessel but 
also in a diseased blood vessel. Furthermore, the anas- 
tomosis of the first and the second blood vessels can be 
quickly carried out. 

[0090] The anastomosis member of this invention is 
highly reliable because the protrusions can be formed 
so that the engaging force acts only on the adventitia of 
each blood vessel which is stronger than the intima. 
[0091] The anastomosis member can be attached 
to the first and the second blood vessels which are abut- 
ted at their end faces to each other with the stent 
inserted into the lumens of the first and the second 
blood vessels. Therefore, it is possible to carry out the 
anastomosis for the first and the second blood vessels 
substantially equal in diameter. In addition, the anasto- 
mosis member can flexibly cope with a slight difference 
in size between the first and the second blood vessels. 
[0092] The anastomosis member can be arranged 
an the outside of the first and the second blood vessels. 
Furthermore, the additional blood vessel can be 
arranged on the outside of the anastomosis member 
and fastened by a filament or a strap in at least one 
position. With this structure, it is possible to exert a 
greater engaging force and to assure a sufficient fixing 
force. By the use of the additional blood vessel, it is pos- 
sible to effectively prevent the blood leakage out of the 
anastomosed site. 

[0093] The anastomosis member can be com- 
pressed and expanded by changing the angles of the 
angled portions of the connecting members. The plate 
member has a stress-strain characteristic different from 
that of the connecting member and is flexible and low in 
rigidity. 

[0094] Finally, the anastomosis member is readily 
deformable in correspondence to the curvatures of the 
first and the second blood vessels. Therefore, it is pos- 
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sible to uniformly apply the pressure to the first and the 
second blood vessels without causing local concentra- 
tion of the pressure. 

Claims 5 

1. An anastomosis member (11 to 18, 111) to be 
arranged at an anastomosed site of first and sec- 
ond blood vessels (33,34) to carry out the anasto- 
mosis of said first and said second blood vessels, 10 



2. An anastomosis member as claimed in claim 1, 25 
said anastomosis member (1 1 to 18) having a plu- 
rality of said generally cylindrical bodies and at 
least one connecting member (14c to 18c) connect- 
ing said generally cylindrical bodies to one another. 

30 

3. An anastomosis member as claimed in claim 1 or 2, 
wherein said anastomosis (11 to 18, 111) member 
has an elasticity so as to be compressed and 
expanded in diameter and/or a stress-strain charac- 
teristic including a plurality of different kinds or 35 
regions at least corresponding to low-rigidity part 
defbrmable along the curvatures of said first and 
said second blood vessels (33,34) to be tightly fitted 
thereto, and a spring region which is compressible 
and self-expandable in diameter. 40 

4. An anastomosis member as claimed in one of 
claims 1 to 3, wherein said plate member is made of 
a stainless steel plate or a shape memory alloy 
selected from a TiNi alloy and a beta Ti alloy. 45 

5. An anastomosis member as claimed in one of 
claims 1 to 4, wherein said generally cylindrical 
body comprises at least one plate member (12a) 
wound into a helical shape. so 

6. An anastomosis member as claimed in one of 
claims 1 to 4, wherein said generally cylindrical 
body comprises a plurality of said plate members 
connected to one another in a zigzag pattern (11a) 55 
or in a lattice pattern (13a) or in a rhombic pattern 
(13a) or arranged in parallel to one another and a 
plurality of connecting members (14c) connecting 



said plate members (14a) to one another, said con- 
necting members preferably being an elastic wire 
member. 

7. An anastomosis device for use in the anastomosis 
of first and second blood vessels (33, 34), said 
anastomosis device comprising a combination of 
an anastomosis member (11, 111) arranged on an 
outer surface of at least one of said first and said 
second blood vessels and a stent (36, 46, 136) to 
be arranged in a lumen of said at least one of the 
first and the second blood vessels, said anastomo- 
sis member having a generally cylindrical body 
comprising at least one plate member (11a, 111a) 
to be brought into contact with both of said first and 
said second blood vessels, said plate member hav- 
ing a plurality of protrusions (11b, 111b) formed on 
at least one of opposite surfaces thereof to be 
engaged with at least one of said first and said sec- 
ond bloos vessels. 

8. An anastomosis device as claimed in claim 7, 
wherein said stent (36, 46, 1 36) is made of a stain- 
less steel plate or a shape memory alloy selected 
from a TiNi alloy and a beta Ti alloy. 

9. An anastomosis device as claimed in claim 7 or 8, 
further comprising an additional blood vessel (34, 
55). 

10. An anastomosis method for the anastomosis of first 
and second blood vessels (33, 34) by the use of an 
anastomosis member (11 to 18, 111) to be 
arranged at an anastomosed site of said first and 
said second blood vessels, said anastomosis mem- 
ber having a generally cylindrical body comprising a 
plate member (12a to 14a, 1 1 1a) with a plurality of 
protrusions (11b to 14b, 111b) formed on at least 
one of opposite surfaces thereof, said method com- 
prising the steps of: 

inserting said anastomosis member into 
lumens of said first and said second blood ves- 
sels; 

bringing said plate member into contact with at 
least one of said first and said second blood 
vessels; and 

engaging said first and said second blood ves- 
sels with said protrusions so as to prevent the 
dislocation of said first and said second blood 
vessels at said anastomosed site. 

1 1. An anastomosis method for the anastomosis of first 
and second blood vessels (33, 34) by the use of an 
anastomosis device to be arranged at an anasto- 
mosed site of said first and said second blood ves- 
sels, said anastomosis device comprising a 
combination of an anastomosis member (11 to 18, 



said anastomosis member (11-18, 111) having 
a generally cylindrical body comprising at least 
one plate member (11a to 14a) to be brought 
into contact with both of said first and said sec- is 
ond blood vessels, 

said plate member having a plurality of protru- 
sions (1 1 b to 14b, 1 1 1 b) formed on at least one 
of opposite surfaces thereof to be engaged 
with at least one of said first and said second 20 
blood vessels so as to prevent the dislocation 
of said first and said second blood vessels at 
said anastomosed site. 
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111) and a stent (36, 46, 136), said anastomosis 
member comprising a plate member (11a to 14a, 
111a) with a plurality of protrusions (11b to 14b, 
111b) formed on at least one of opposite surfaces 
thereof, said method comprising the steps of: 

inserting said stent into an end protion of a 
lumen of one of said first and said second 
blood vessels; 

inserting the end portion of said one of the first 
and the second blood vessels into an end por- 
tion of a lumen of the other of said first and said 
second blood vessels; 

inserting said anastomosis member so that 
said anastomosis member is interposed 
between said first and said second blood ves- 
sels at an anastomosed site where said first 
and said second blood vessels overlap each 
other; 

bringing said protrusions into contact with said 
first and said second blood vessels; 
press-fitting by said stent said first and said 
second blood vessels at said anastomosed 
site; 

engaging said first and said second blood ves- 
sels with said prostrusions so as to prevent the 
dislocation of said first and said second vessels 
at said anastomosed site. 

12. An anastomosis method for the anantomosis of first 
and second blood vessels (33, 34) by the use of an 
anastomosis device to be arranged at an anasto- 
mosed site of said first and said second blood ves- 
sels, said anastomosis device comprising a 
combination of an anastomosis member 11 to 18, 
111) and a stent (36, 46, 136), said anastomosis 
member comprising a plate member (11a to 14a, 
111a) with a plurality of protrusions (11b to 14b, 
111b) formed on at least one of opposite surfaces 
thereof, said method comprising the steps of: 



second blood vessels (33, 34) into the lumen of the 
other blood vessel so that the end portions of said 
first and said second blood vessels overlap each 
other with said prostrusions (11b to 14b, 111b) 
5 engaged with at least one of said first and said sec- 

ond blood vessels. 

14. An anastomosis method as claimed in one of 
claims 10 to 13, wherein each of said plate mem- 

10 bers (111a) is sutured by a fastening member to 
one of said first and said second blood vessels (33, 
34) in at least one position in said anastomosed 
site, said prostrusions (111b) being formed only on 
one surface of said plate member which faces the 

15 other of said first and said second blood vessels at 
said anastomosed site. 

15. An anastomosis method as claimed in one of 
claims 10 to 14, further comprising the steps of 

20 placing an additional blood vessel (55) on the out- 
side of said anastomosis member (11) arranged 
around the outer surfaces of said first and said sec- 
ond blood vessels (33, 34); and engaging said 
anastomosis member and said additional blood 

25 vessel with said protrusions, wherein said addi- 
tional blood vessel preferably is fastened by a fas- 
tening member (57) in at least one position, said 
fastening member preferably being a filament or a 
strap. 

30 



35 



40 



inserting said stent to extend over lumens of 
said first and said second blood vessels; 
abutting said first and said second blood ves- 
sels to each other; arranging said anastomosis 45 
member around outer surfaces of said first and 
said second blood vessels; 
bringing said protrusions into contact with an 
adventitia of each of said first and said second 
blood vessels; and so 
engaging said first and said second blood ves- 
sels with said prostrusions so as to prevent the 
dislocation of said first and said second blood 
vessels at said anastomosed site. 

55 

13. An anastomosis method as claimed in one of 
claims 10 to 12, further comprising the steps of 
inserting an end portion of one of said first and said 
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